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Introduction* 

It  is  a  matter  of  common  knov/ledge  that  matt  surfaces,  such 
as  ground  glass,  smoked  glass,  paper  and  plaster-of-Paris,  which 
scatter  in  all  directions  the  light  that  falls  upon  them,  behave 
like  polished  surfaces  when  viewed  at  grazing  incidence.  Accord- 
ing to  the  theory  usually  advanced  in  explaining  this  action,  if 
the  light  scattered  in  a  given  direction  by  the  elevated  portions 
of  the  surface  differs  in  phase  from  thet  returned  in  the  same 
direction  by  the  hollows  or  pits  in  the  surface  by  a  quantity  small 

in  comparison  to  X,  the  light  may  be  regarded  as  regularly  reflected 

2 
(  though  this  is  only  a  manner  of  speaking).   The  light  thus  re- 
flected will  be  diminished  in  intensity,  depending  on  the  magnitude 
of  the  phnse  difference. 

Lord  Kayleigh  •  showed  this  experimentally  by  sending  light 
from  a  V.'elsbach  lamp  upon  a  thermo-couple  after  reflection  from  two 
parallel  plates  of  silvered  ground  glass.  A  third  ground  and  sil- 
vered plate  was  found  to  reflect  as  much  energy  as  a  poliched  sil- 
vered mirror.  This  experiment  is  in  a  sense  qualitative,  for  it  does 


'Nature, 64,  p.  385,  19C1. 


not  tell  with  what  intensity  the  individual  wave-lengths  ere  reflected. 

A  etudy  of  rough  surface  reflection  hp.s  been  made  recently 
by  Meyer",  but  his  experiments  also  may  be  looked  upon  as  qualitative 
in  the  sense  referred  to  above.  He  employed  a  rather  interesting 
scheme  for  showing  that  rough  surfaces  reflect  like  mirrors  for  suf- 
ficiently long  waves.  Light  scattered  by  the  matt  surface  was  received 
by  E  concave  mirror  and  "focused"  on  the  slit  cf  a  fluorite  prism  spec- 
trometer,  which  threw  approximately  monochromr^tic  light  on  a  thermo- 
couple. By  rotating  the  concave  mirror,  the  blurred  image  could  be 

gradually  thrown  off  the  slit,  first 
J  in  one  direction,  then  in  the  other. 

Curves  of  the  type  shown  in  Fig. I 
were  obtained.  Curve  I  is  for  a  pol- 
ished mirror  of  the  sane  material, 
—         showing  a  sharp  decrease  in  inten- 
sity (J)  as  the  image  is  shifted  by 
rotating  the  concave  mirror  (through 
the  angle  a).  The  dotted  curve  was  obtained  with  the  matt  surface,  using 
wave-length  8ji.  Curve  II  is  for  5n,  and  III  for  2^. 


Fig.  I, 


•  T.  J.  Meyer,  Eer.  d.  Deutsch.  Phys.  Gea.  p.  126,  Feb.  1514. 


In  other  words,    vavee  lonj^er  than  8ji   are   regulETly  reflected   and 
therefore  sharply  focused   on  the  elit;   while    the  Shorter  waves   form 
a  broad,    diffuse   image. 

Though  I^^eyer's  experiments  tell  us   how  a  surfpce  of  a 
certain  degree  of  roughness  behaves   towards  waves  of  different 
lengths,    the  method  is  not  directly  desif;ned   to  show   the   reflecting 
power  of  Buch   r  surface   throughout  the   spectrum.     The  experiments   de- 
scribed  in   the   following  pages  were  undertaken  with  the   idea  of  ascer- 
taining the  reflecting  pov«r,    for  the  range  of  wave-lengths   .6^  to  14^, 
of  matt  surfaces  which  can  be  easily  and   quickly  prepared   (e.g.,    ground 
glass  and  smoked  glass),    and    thereby  showing  how  well   ouch  surfaces   are 
fitted   to  act  as  screen*?    for  cutting  off  the  short  waves.     Not  only  re- 
flection,  but  also   transmission  experiments  (   using  roughened  plates 
of  rock  salt)  were  performed.     It  is  not  necessary  to  rem&rk  that  a 
reflection  "screen"  is  preferable  to  a  transmission   cell  because  it  is 
good   for  an  unlimited   range   of  wave-lengths  in   the   infra-red,   whereas 
rock  salt  and   other  so-called   "transparent"   substances   possess  regions 
of  opacity. 

ApparatuB. 
The   general  arrangement  of   the   apparatus   is   shown  in   the   accompa- 
nying diagram. 


,,^^n, 


yn. 


Fig.   2. 


The   source  of  light  was  a  Nernst  glower  (n)    suitably  protected 
from  air  currents  by   a  metal   cover.     The  glower  was   supplied  with 
current  by  a  llC-volt  storage  battery,    sxid    the   constancy  of  the 
radiations   from  the  glower  was   found   to  be  ample   for  the  short  period 
of   time   (    b  minutes   or  less)    required   to    take   readings, at  e  definite 
wave-length,   with   both  the   rough   and   the  polished   mirrors.      The  light 


was   focused  by  a  concave   silvered  Mrror(    7.5    erne,    in  diameter 
end  26   cms.    focal  length)    upon  the   rough  surface   m^,   whence   the 
light  was  received  by  m3  (    a  duplicate  of  m-j^)    and   focused  on  the 
first  slit  S,  of   the  spectrometer.     Although  the  diagram  shows   the 
arrangement  for  throwing  a  converging  beam  of  light  on  the  rough 
surface,    all  the  earlier  experiments  were  performed  using  strictly 
perallel  light.     In  both  cases  the  spectrometer  receives     that  pro- 
portion of   the    light  which  is   scattered  by   the  rough  surface   at 
the  same  angle  (    angle  of  incidence  =  angle  of  reflection)   as   that 
at  which  light  is   regulfirly  reflected  by  a  pol^hed  mirror;   -  and   in 
p11   the  work  tc   be   described  it  if'   this  which  is  meant  by  the  "re- 
flecting po\«ier"  of  the  matt  surface. 
The   Spectrometer; 

The  spectrometer  was   of   the  usual   type,   consisting  of 
p  rock  salt  prism  P  (    area  of   fsces   5x9   cms.),   mounted  with   the 
plane   silver  mirror  Mo   according  to  Wadsworth's   arrangement   for  minimum 
deviation  on  a  prism    table  whose   axis   of  rotation   passed   through  C.   The 
table  was   turned  by  means  of  the  device  used  by  Mendenhall  •    -  a  microm- 
eter arrangement  (    not  ehovm  in  the  drawing)    by  which  angular  displace- 
ment of   l/lO   second    cculd  be   accurately  reed.      The   concave  mirror  M^  (    the 


•   Astrophysical  Journal  XXIV,   1,    July  19C6,    p.    22. 
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only  one  used  in  the  spectrometer)  was  of  speculum  metal, of 

IC  cms.  aperture  and  58  cms.  focal  length,  figured  by  Erashear. 

Since  infra-red  spectrometers  have  been  so  often  described, 
the  v/riter  wishes  to  avoid  goin^  into  details,  but  feels,  never- 
theless, that  there  are  a  few  points  of  interest  in  the  design 
which  merit  consideration. 
(1).  Definition;- 

It  is  customary  to  reflect  the  incident  light 
at  a  rather  large  angle  (15^'-20°)  from  the  concave  mirror  to 
the  prism.  The  resulting  astigmatism  blurs  the  image  of  the 
light  on  the  second  slit,  so  that  the  spectral  lines  are  far  from 
sharp.  The  writer  found  that  by  introducing  the  extra  plane  mir- 
ror M2  very  close  to  Slit  Sj^,  thus  diminishing  the  angle  of  reflect- 
ion to  2.    b   or  less,  this  astigmatism  could  be  very  largely  done  away 
with.   The  image  of  Sj^  (  using  sodium  light)  received  on  S2  was  a  per- 
fect rectangle.  This  improveinont  in  the  definition  of  the  image  was 
considered  to  out^ieigh  by  far  the  trifling  loss  of  energy  involved  in 
the  two  extra  reflections  thus  introduced  (  4  to  IC/i) . 
(2)  Resolving  Pp;yer;_- 

With  the  idea  of  doubling  the  dispersion  and  the 
resolving  power,  it  was  decided  to  return  the  light  through  the  prism, 
so  that  the  same  effect  was  obtained  as  from  two  prisms  in  series. 


This  was   sccomplished  by  inserting  the   plane  silvered  mirror  M4, 
which  received   the   light   from  H^  ^^^   returned   it  over  approximately 
the  same   path,    so   as   to   reach  the   thermo-couple  by  way  of  U-^  and  U^. 
The   edge   of  M5  was  beveled,   so   that  the   angle  between   the  incident 
and   return  beams  was   as   pmall   as  2^.      This   slight  departure   from 
the  strict  conditions   for  minimum  deviation  caused  no   appreciable 
shift  in  the  spectrum,    as  shjown  by  the  observed  positions  of  the  CO^ 
emission  bands   (    2.7^   and  4.4^),    the  bands   of  metallic   reflection  of 
quartz  {8.5\i  and  9ti) ,   and   the  Iceland  Spar  band  (6.7^)   agreeing  Tfith 
the  calculated  positions. 

The    advantages  of  using  this   combination  Wadswoi^th-Littrow 
mounting  are   several:    it  yields  double   the  resolving  power  afforded 
by  a  single  passage  of   the   light  through  the  prism,   giving  at  the   same 
time  -f^u*— time* four  times   as  much  energy  as   the  ordinary   type  of   spec- 
trometer with  double   the   focal  length  (    i.e.    for  a  prism  of  given  size); 
it  involves   the  use  of  only  one  concave  mirror,  which,    however,  must  be 
carefully   figured;   and   it  permits   of  an  extremely   compact  spectrometer. 

The  accompanying  curve   for  the   transmission  of  pure  (ethyl) 
alcohol  (    see  Plate  X)    is  given  as  an  example  of  the   resolving  power 
of   this  instrument.     The   transmission  of  a  film. 01  n\m.    thick,    as   ob- 
tained  by  Coblentz,    is  given  on   the  same  plate^fcr  comparison  purposes. 
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It  will  te  observed   that  there   are  three  small  absorption  bands 
between  2|i  nnd   3n,    and   perhaps    five    from  A\x   to   6n,   while   the 
great  band  at  3.5^   is   plainly  double,   one  component  being  at  2,3\i. 
and   the  other  at  3.65n(see  insert  in  Plate X)«      Coblentz'e   curve 
gives   indicF-tion?   cf  most  of  the  small  abRorption  bands  appearing 
in  the  region  4p.   to  6n,   but  not  of  the  others  observed. 
^ •    Accuracy  of  Readinp^s; 

From  one  point  of  view,   the  accuracy  of  the  observa- 
tions is   fixed  largely  by   the   sensitiveness  and   the  steadiness  of 
the  measuring  instrument.     The  thermo-couple  was  a  three-  junction 
compensated  instrument,   cf  bismuth-tin  alloy  and   the  galvanometer 
was  cf  the  D'Arsonval  type  with  a  silver  wire  Buspension.     Both 
instruments  were  constructed  by  Dr.   P..   H.   Pfund* .   The  thermo-couple- 
galvanometer  system  had   a  sensibility  ofl5C   cms.    scale   deflection   for 
a   candle  at  one  meter.     Throughout  tV>e  work  no    trouble  at  all  was   exper- 
ienced with  the  galvanometer,  which  was  not  magnetically  shielded.     Over 
periods  cf  time  as  long  as   from  fifteen  to   thirty  minuter  the  zero  was 
constant  to  within  one-tenth  of  e  millimeter,   and  at  all  times   readings 
could  be  repeated   to   .1  to   .3:om. (    even  though  such  accuracy  was  not 
needed,    in   view  of   the   larger  experimental  errors   inherent  in  the  method 


?    Phys.  zeit.  ;3,/f /;l, />.  g^o  ,•    'f'L44.%<r.3i/.jpz^ji.2z.^. 
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employed).   In  view  of  the  rether  long  scale  distance  (4  meters) 
this  steadiness  was  very  gratifying. 

In  this  connection,  it  should  be  said  that  the  thermo- 
couple was  well  protected  from  stray  radij.tion  by  enclosing  the 
whole  spectrometer  (  the  thermo-couple  being  fastened  rigidly  to 
slit  S2)  in  an  air-tight  case  of  galvanized  iron.  After  the 
initital  adjustment  for  minimum  deviation,  the  spectrometer  was 
permanently  closed,  so  that  it  was  open  to  the  air  of  the  room  only 
while  readings  were  being  taken  (i.e.  for  intervals  of  3C  seconds). 
By  means  of  drying  agents  the  moisture  was  removed  from  the  air  sur- 
rounding the  prism,~80  effectively  that  after  three  months  neither 
the  prism  nor  any  of  the  mirrors  showed  signs  of  deterioration. 

Method  of  Waking  Observations. 
Throughout  the  work  the  procedure  adopted  was  as  fellows. 
The  spectrometer  was  set  for  the  desired  wave-length,  end  the  gal- 
vanometer deflection  using  the  rough  surface  was  noted,  then  the 
deflection  obtained  with  a  polished  plane  mirror  of  the  same  sub- 
stance.  The  ratio  of  the  two  deflections  is  what  is  meant  by  the 
reflecting  po'ver  of  the  surface  in  question.  By  this  method,  al- 
though a  laborious  one,  values  were  obtained  which  could  be  repeated 
to  an  Eccuracy  of  about  1%   beyond  8^l  and  less  than  1%   for  the  shorter 
waves;  and  the  constancy  of  the  source  of  light  could  easily  be  relied 
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on  for  such  a  short  time  (2,5  to  5  minutes),  so  that  one  annoying 
source  of  error  was  eliminated.  It  should  be  said  that  the  Purface 
to  be  investigated  was  pressed  by  a  string  against  three  screws,  by 
means  of  which  one  mirror  could  be  exactly  replaced  by  another. 
Although  it  was  possible  to  measure  reflecting  powers  absolutely, 
by  rotating  the  glower  end  m-^   through  such  an  angle  that  the  light 
traveled  directly  from  m^  to  mg  (  see  Fig,  3),  yet  this  scheme  is 


Fig,  3 
beset  with  so  many  sources  of  error  that  it  was  seldom  used,  ( Thic 
is  similar  to  the  method  employed  by  Kubens  in  determining  the  re- 
flecting pov/er  of  metals  in  the  infra-red,)   A  direct  determination 
of  the  reflecting  power  of  the  silver  mirror  used  in  Fart  II  was 
msde  afterwards,  and  the  observed  reflecting  powers  relative  to  the 
silver  multiplied  by  this  percentage,  so  that  all  the  curves  for  glass, 
quartz  and  Iceland  spar  are  in  absolute  measure. 
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Results. 


Part  I.  Roup;h  Surfaces  ns   Color  Screens   for  Use  in  the  InfrR-Hed»_ 
The  employment  of  reflectinn  from  rough  surfnces  as  an  ideal 
way  cf  eliminnting  nil  the  waves  shorter   than  a  certain  wave-length 
and  leaving  the   longer  waves  with  nearly  their  original  intensity 
was  first  suggested  by  Lord  Rayleigh  •    .      Just  what  type  of  matt 
surface  is  best  adapted  to  do   this  is  a  question  to  be  decided  by 
iexperiment,    for   it  must  be   realized   thst  the  simple   theory  given 
above  (    page  I)    applies  only  to   an  ideal   case,   -     a  surface   possess- 
ing flat- topped   humps   p11  of  the  same  height  and  uniformly  distributed. 
Such  a  surface   is  nearly   realized   in  an  ordinary  grating,   used  with 
its   grooves   horizontal.      Here  we  are  dealing  with  a  beaia  of  light 
reflected    part   from  the  upper   portions  of   the  groove,    the   rest  from 
the  lower  portions:,   sjid  interference  will   cause  a  certain  diminution 
in  the  intensity  of   the  light  reflected   from  such  a  surface.   The 
condition  for  a  minim-jm  of  intensity  is 

2  H  cos  i  =  \  (1) 

where  H  =   depth  of  groove,    i  =  angle  of  incidence. 
A  secondary  minimum  will  occur   if 


2  H  cos  i  =  >». 


<^' 


•   Lord   Rayleigh, loc.    cit. 
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in  which  case  the  intensity  of  the  lir^ht  reflected  should  be  Zb%. 
The  writer  used  a  small  plane  grating,  of  7CC0  lines  to  the  inch, 
ruled  by  Dr.  J,  A.  Anderson,  The  grating  was  used  with  its  lines 
horizontal  and  its  reflecting  power,  at  23*^,  compored  with  that 
of  polished  speculum.   As  was  expected,  £.  minimum  was  found  in  the 
curve  (see  Plate  If)  at  .V1^,  where  the  relative  reflectini^  power 
was  4C/t.  Applying  equation  (1),  the  depth  of  the  groove  was  cal- 
culated to  be  ,38n  or  l/66,C0O  inch.  (According  to  equation  (2) 
K  =  .19^  or  l/l32,CCC  inch.  )  In  the  curve  there  is  b  suggeFtion 
of  a  drop  at  1.5^  ,  which  may  be  the  secondary  minimum  given  by 
equation  (2) . 
Reflection  i'-xperiments ; 

In  the  course  of  the  work  a  variety  of  rough  surfaces 
were  tested  •  plate  glass  and  plane  speculum  mirrors  ground  with 
the  finest  emery,  glass  roughened  with  the  sand-l^last  and  etched, 
afterwards  gold-plated  cathodically,  smoked  glass,  else  smoked  glass 
coated  cethodically  with  gold.   The  surfaces  were  tested  visually 
for  uniformity  and  coarseness  by  observing  the  angle  at  which  they 
ceased  to  give  a  red  image  of  the  Nernst  filament.  As  far  as  homo- 
geneity is  concerned,  the  simple  method  of  grinding  with  fine  emery 
was  found  to  surpass  any  other  process.  Not  only  is  uniformity  ob- 
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tr:inad  over  a  wide   expanse   of  surf  nee   (there   being  no   patches  obviously 
much  rougher   than   the  rest  of   the  area),    tut  in  addition   n  matt  sur- 
face of  surprising   fineness    is   easily  obtained,      especially  if   the 
enery  be      removed   after  a  time,    and    the   j^rinding  continued  with  simply 
enough  water  to  prevent  sticking.     When  examined  under  the  microscope, 
such  surfaces   exhibit  no   regulwr  structure  (which  give  rise   to  inter- 
ference effect^.      However,    the   presence   of   pits  much  deeper   than  the 
average  seems  unavoidable,   and  it  is  this  which  is  thought  to  limit 
the   reflecting  power  beyond   9ji.      There  is   reason   for   believing  that 
the   topography  of   the   humps   snd   hollows   in   the   case  of   smoked   glass 
in  some  way  makes  such  a  surface  better  adapted  to  serve   as  an  infra- 
red screen.     Uniform  films  of  smoke,   varying  in  thickness   from  semi- 
transparency  to  opaqueness,    are  easily  produced,  tout, as  one  might  ex- 
pect,   their   reflecting  power,    even  at  large  angles,  is   very  smedl.   Some 
observations  were  msde  on  smoked   films  which  had  been  gold-plated  ca- 
thodically^but  they  proved  disappointing. 

The  type  of  surface  sought  was  one  whose   reflecting  power, 
at  a  given  angle,    is  very  low  (    say  lees  than  IC/t)    as   far  as  2\i     or 
thereabouts,    then  rises  as   rapidly  as   possible   to   about  90%,    remaining 
fibove   that  percentage   for  all  longer  waves.     After  silver  plating  such 
a  matt  surface,    two   reflections   from  it  would   leave  1%  or  less   of   the 
short  waves,    eoid   SOJt  or  more  of    the  waves   lonp;er  than  2iji,    -  in  other 
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words,   would    prove   an  ideal   infra-red   screen.      It  is   clear   that 
the  curve  for  a  rather  coarse  surface  will  rise  less  rapidly  than   ihuit  tOT 
a  smoother  surface   at  the   same   angle  of   incidence,    and   it  is  prob- 
able that  a  coarse  surface  at  a  large  angle  will  serve  as  well  as 
a   smoother  one   at   a  small   angle,    supposing  that  the  greater   fore- 
shortening in   the   former  case  makes  up   for  the   greater  depth  of   pits. 
Yet  it  must  be  remembered    that  all  ground   surfaces   are   extremely- 
irregular,    and   since   it  is   not   possible   to   apply   the  simple  theory 
referred   to   on   page  I, it  cannot  be  predicted  what  combination^   of 
angle  of  incidence  and  depth  of  pits  will  turn  out  to   be  the  most 
satisfactory. 

The  surface  whose   reflection   curves   appear  in   plate  Y^was 
on  the  whole  the  most  satisfactory  one  investigated.     In   prepnr- 
ing  this  surface   two   pieces  of  ordinary  plate  glass  (    l/4  in. thick) 
were   ground   together,    using  the   finest  Bausch  6;  Lomb  emery,      .'-.fter 
a   few  loinutes   grinding,    the  emery  was  washed  off   and   the   grinding  con- 
tinued with  water  alone.     In  this    fashion  a  surface  was  produced  which 
gave   a  red   image   almost  at  normal  incidence,    siid  which  was    far  smoother 
and  especially  more  uniform  than  any  prepared  by  etching  or  with  the 
sand-blest.      It  will  be  noticed   that  the   curves   are  all  very  steep, 
those   at  7C     and  75      being  especially  satisfactory  because   they  begin 
low  (6.5  %  at   .9n   and  20°.  at   .75n   respectively),    and  rise  sharply  to 
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76^  and  84^  at  4(i,  approaching  ICO^  thereafter.  (Hero  the  reflectinf^ 
power  is  referred  to  that  of  polished  glass,  but  it  has  been  well  es- 
tsbliehed  by  the  other  experiments  that  the  material  itself  playe 
no  role.  By  silver  plating  this  rough  surface,  curves  -.voulfi  be  ob- 
tained like  those  drawn,  but  with  reflecting  power  in  absolute  meas- 
ure.)  There  is  a  curious  slight  depression  in  nil  the  curves  at  8\i.. 
Though  very  little  energy  is  refle(Cted  from  glass  in  this  portion 

of  the  spectirum,  end  readings  are  therefore  obtained  with  difficulty, 

el 

repeated  measurements,  however,  confirm  iriis  drop  to  within  2  or  2%, 

This  effect  may  be  due  to  multiple  reflections  at  the  ground  glass  sur- 
face. Plate~P7Ttrives  the  curves  for  a  coarser  surface  which  wss  silver 
plated,  and  for  a  very  fine  speculum  surface.  The  former  was  compared 
with  a  polished  plate  of  glass  silvered  simultaneously  with  the  rough  one; 
the  latter  was  compared  with  polished  speculum.  The  curves  were  not  sat- 
isfactory. 

Plate JXis  for  a  surface  almost  as  smooth  as  the  one  first 
described,  which  was  coated  cathodically  with  platinum  and  compared  with 
polished  glass  platinized  simultaneouFly  with  the  rough  piece.   These 
cur-ves  sre  the  most  regular  ones  obtained*   As  the  angle  of  incidence 
is  increasBd  from  25'/  to  84^,  the  curves  ascend  more  and  more  steeply. 
However,  judged  as  an  infra-red  screen,  this  surfsce  is  lessi  satisfactory 
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tViHn   the  smoother  one    first  described. 

Several  surfaces   prepared  with   the   sand-blast  and   af tor- 
wards   etched  were   tried,   but  save   disappointing  resulxs.      The 
finest  and  most  uniform  of   these  was   f;;old   plated   and   compared  with 
polished  gold.(   See  platelZZDJ .       These  surfaces   were  kindly  fur- 
nished by  Professor  H.  \V.   v;ood.     Since  surfaces  blown  and  etched 
in   this  manner   consist  of  minute   hollows   resembling  so  many  small 
concave  mirrors  *,    it  is  of  some  importance   to  establish  the 
nature  of   their  reflection   as   compared  with  the  irregular   sur- 
faces  produced  by  ordinary  grinding.      Anytiiin^  approaching  regu- 
Inrity  of  structure  might  give   rise   to   a     minimum  at  a  certain 
definite  vmve-length  owing  to   interference.        lio  thing  like   this 

was  noted.     Furthermore  the  curves  obtained   resemble  tnose   taken 
before  the  surface  was  gold   plated,   hence  the  topography  of  the 
surface  was  not  altered   appreciably  by  the   pddition  of  a  layer  of 
gold. 

Transmission  Through  Kough  Surfaces ;- 

Owing  to   the   fact   that  most  transp.-irent  substances 
such  as   glass,   quartz,    Iceland   spiir,    etc.    show  absorption  bands 


•      Lord   Kayleigh,loc.    cit. 
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not  very    far  out  in   the   infra-red,    it  is  evident   that  a  matt 
surface    can  be  of  only  limited  use   as   a   transmi^iyion   ecreen. 
Rock  salt,    being  transpsrent  as   far  as   15n,   was   chosen   for 
the  following  experiments. 

It  was    found   that  very  striking  effects      can  be 
obtained  simply  by  breathing  on  the  polished  rock  salt  surface. 
^lateJU'j^ives   the    transmission  of  a  plane   parallel   crystal  rough- 
ened  in   this  manner.      Since   the   light  must  penetrate   two  matt 
surfaces,    the  curves   are   all  steeper  than  they  would   be  if  only 
one  face  of   the  cryatal  were  rough.     This   plate  when  held   before 
an  incandescent   lamp   transmitted   only   the  blue-green,    -   a  curious 
phenomenon  of  interference   exhibited  beautifully  by  films   consist- 
ing of  minute  bubbles,*      and  by  gratings  whose   central  images   are 
colored.        Viewed  unier   the  microscope   this   rock   salt  crystal   showed 
a  perfectly  regular  structure  resembling  that  of  a   honey-comb. 

Plate 7T[giveB   also    the   curves   for  a  crystal  with 
coarser  surfaces  and   f»tsa    for  one  absolutely  opaque.     Cn  the  w.ole 
the   curious   surface   described   above   seems   to  mak§   a  better  infra- 
red  screen   than  any  of   the   rough  sur faces   used   in   the   reflection 
work.      It  is  the  author's   opinion,    however,   that  surfaces   smoother 


•     Wood's  Optics, p.  ;^ 5^ 3   (^'yie.Mf  ju^^-i^t^  ) 
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than   those   described   above,   but  prepared   in   the   same  way,    and 

afterwards   silver-plated,   will  make   fairly  satisfactory  screens 

for  eliminating  waves   shorter   than  l|i   and   retaining  all   the   Ion  •;er 

waves  with  but  slightly  reduced   intensity.       From  the  curves  jiiven 

in  Plate  ST  ,   different  points  were   selected  on  the  75°  curve,    and 

the  ordinates  squared,    to   show  the  effect  of  two   reflections,   a 

curve  was  also  drawn   for  a  fixed  wave-length  between  reflecting 

po'wer  and   angle  of   incidence.      (    See   Plate^]), 

Part  II., 
Reflection  Curves   for  Glass,    Quartz   and   Iceland  Spar 

in  the  Regions  of  !/etellie  He  flection  at  Various  Ane;les  of 

Incidence^  , 

7/hile  engaged  in  the  reflection  experiments  on  ground 
glass,  it  seemed  desirable  to  take  the  reflection  curve  of  polished 
glass,  for  comparison  with  the  results  of  other  observers.  Since 
it  happened  that  the  first  curve  was  taken  st  54^  ,  it  seemed  ad- 
visable, in  view  of  the  very  curious  result  obtained  (  see  Plate^)  , 
to  pursue  the  experiments  further,  using  different  angles  of  inci- 
dence and  other  substances  which  like  glass  exhibit  metallic  reflection, 
The  deflections  obtained  using  polished  surfaces  of  glass,  quartz 
and  Iceland  spar  were  divided  by  those  obtained  when  a  silver  mirror 
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was   substituted,     By^direct  method    the   reflecting  power  of  the 

silver  was  obtained   at  several  points   in   the  spectrum,    and    the 

reflecting  powers   referred    to    p.bove  multiplied  by  the   reflecting 

power  of  the  silver.     Since  the  same  compFurison  mirror  'vas  used 

for  all   the   curves,    they  must  be   consistent.      Furthermore,   at 

least  half   the  curves  were  obtained  using  both  parallel  and 

converging  light.       There  was  good   agreement  between  the  two. 

Resolution  of  Bands  of  V.etRllic  Kef  lection  at  .Large  /jigles 

of  Incidence; 

If  the  reflection  curves   for   glass  are   closely  scrut- 
t 

inized,    it  v/ill  be   clear  that  xne  net  result]^   of  increasing   the 
angle  of  incidence   is   to   bring  out  a   component  band   near  8.4ji  , 
which  grows   as   the  angle  increases   and   suppresses   the  main  band 
at  9.4n    for  angles   greater   than  70^*,        This  new  band,    scarcely   dt^cti^ytiSic^ 
in  the  23°  curve     (though  attention  has  been  drawn  to  it  by  Cob- 
lentz),  is   thought  to   have   some   connection  with  B,5(i   quartz  band, 
just     as  the  9.4^  maximum  in   the  glass   curves   certainly  bears 
some  relation  to   the  9ti  quartz  band,       (Or,    since     SiOg  is  a 
constituent  of  glass, one  ought   to   say  that   the  maximum  in   the 
glass  curve^  whether  considered    single  or  double,    is   due   to   both 
the  B.Sii   and   9.5^1   bands   characteristic  of   quartz).     Now  it   is   known 
that  silicates   in  general   show  only  one  maximum  near  9n   (See  Pfund   *, 
"■G^W^tt U •  * )".      It  may  turn  out   that  other  silicates  besides   glass 


•    Pfund.   Astrophysical  Journal   XXIV,    1,   July  19C6 ,    p.   32 
"*'*~-Soblorit3. 
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will   show  the  mpximum  do^b\led   at  large  angles   of   incidence. 

-iU 

In -<r  case  of  quartz, the  84°   curve   suggests   that  the 
8.5|i  band   is  really  double;   while   the   curves   for  Iceland  spar    (   r-^T«-  XI I  j 
indicate   that  the   6.7|i   band   is    triple.      It  will  be  noticed 
that  the  bulge^on    the  short-wave  side  of  the  mF.ximum  is  absent 
entirely   for   angles   of  6q°  or  leas.        Cwing  to   the  enormcusly 
sharp  rise   in  reflecting  power   which  occurs   betv.een  6.25ji   and 
6.7ji,    it  would  be   very  difficult  to   detect  any  bulge  in   this 
interval  when   the   angle   is   less    than  60   .     Cn   the  ether  hand, 
the  bulge  on  the  long  wave  side  of  5.7^  is  much  in  evidence  even 
at  23°. 

In   the   case   of  glass,    it  seems   that  there   are   two    types 
of  resonators  in  the   atom,    the  effect  of  the  one   type  (    i.e.    those 
giving  rise  to   the  8.4(1  band)    completely  overshadowing  that  of  the 
other   type   at  small   an;-les  of  incidence,   whereas   at  the  Inrger 
angles   the  latter  becomespredominant.       It  is  curious  that  this  phe- 
nomenon should  ddpend  on  the  angle  of  incidence.      It  is  not  probable 
that   polarization   plays  much  of  a  role,   as   hovvever  might  be   suspected 
from  the  appearance  of   the  glass   curve   for  54°,    which  is   near   the 
angle  of  maximum  polarization.      Such  an   effect  might  depend    ,    in   the 
case   of  crystals   •    ,    on  the  direction  of   the  optic  axis  with  regard 
to   the  azimuth  of  the  reflected  beam.       Curves   taken  with  the  crystal 


Pfund.   loc.    cit.    p.   29,    and  Myswander,   Phys.   Rev.   28,    19C9 ,   p.Zfl 
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of   Iceland   sper  (    teo  different  crystals   were   used   in   the   course 
of  the  work)   rotated   through  90**  and  180°  with  regard   to   the  orig- 
inal  position    failed   to   show  any  difference   in   the   curves. 

Nyswander*    has  mapped   the   reflection   curves   for  the   two 
crystals  calcite   and  aragonite ,    polarized  in  different  azimuths, 
but  his  results  shed  no  light  on  the  question  discussed  above. 
Moreover,  Nyswander  polarized   the  light  before  sending  it  through 
his   spectrometer.      Owing  to   a  possible  polarization  at  the   surface 
of   the  rock  salt   prism,    it   soerns   advisable,      if   results   of  value 
for   comparison  with  theory  are   sought,    to    polarize   the  monochromatic 
light  after  it  in   u^od'  from  the  spectrometer. 

The   results   described   in  this   paper  are  meant   to   be 
only  preliminary  in  their  nature,   and  it  is   to  be  regretted   that 
certain   features  of  the  method  employed  lay  it  open  to   criticism 
on  thfc  score  of   polarization   effect?,   etc.    as  mentioned   above.    How- 
ever,   there   are  several  points  standing  out  clearly  in  all   the  curves 
which  are  so   consistent   that   they  merit  serious   consideration.      In 
the   first  plHce,    the  minimum  which  is  noticed   on   the   short-wave  side 
of   the  maximum  is   accentuated,    and   very  much  deepened   by  an  increase 
in  the  angle  of  incidence.     One  notices  tftis  clearly  on  the  long-wave 


•     Nyswander,    loc.    cit. 
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side   of   tne   mrjcimum  also,    at  very  large  angles.    In   the   case   of 
quartz    this  depression  occurs   at  9.6^      for  84°    ,    is   abr.ent  en- 
tirely in   the  6C*'   curve,    and   appears   only  as   a  gentle  bend   in 
the  78      and  81''   curves    •  ^  similrir  depression   crops   up  even 

in   the   case  of  the   last  maximum  (    12. 5^   ),    coming  at  12. 7n    . 
The  behavior  of   these   curves   at  7.5(1,    aiid  of   the   glass   curves   at  8p. 
is   strikingly  siinilar.     Now  if  cne   remembers    that   the  effect  of 
increasing  the  angle  of  incidence   is   to  steepen  the  rise  on  both 
sides  of  the  maximum  in  the  manner  described,   by  accentuating  the 
depression  on  either  side  of  the  maximum,   it  is  not  hurd    to   see 
that   if  any  given  band   of  metallic   reflection   (    e.g.    the  glass  band 
at  9,4n)    is  in  reality  double,    this   fact  may  appear  in  the  curves 
for   large  angles   even   though  it  is   scarcely   discernible  in  tl.e   esse 
of  small  angles  of  incidence.       Cf  course,    this  does  not  explain  why 
the  8.4^1  band   plays   such  a  predominant  role   at   the  expense  of  the 
original  9,4^  band   in   the   case   of  glass   at  angles   greater  than  70   . 
The    fact  that  the  curves  for  glass,   a  non- crystalline  substance,  be- 
have in  much  the  same  way  as   those   for  the  crystals  of  Iceland  spar 
and   qu^irLz,    lends   vireight  to   the   claim  that  tne   effect  is   independent 
of  polarization. 

It  is   planned  to  continue   the  experiments,   using 
pleaie-polsrizod  monochromatic  light  (    i.e.    light   polarized   after  its 
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csmergence  from  the  spectrometer) as  suggested  on  page^/.  By 
means  of  such  a  method  it  should  be  possible  to  obtain  results 
of  great  theoretical  value.   If  the  optical  constants  ^  and  k 
of  such  crystals  are  really  independent  of  the  angle  of  incidence, 
then  measurements  at  different  angles  ought  to  be  sufficient  for 
calculating  them;  whereas  this  would  not  be  true  if  there  is  some 
connection  (  i.e.  in  the  region  of  metallic  reflection)  between 
II,  k  and  the  angle  of  incidence.   The  curious  depression  at  8^l 
for  glass  and  7.5^  in  the  case  of  quartz  is  thought  to  have  some 
bearing  on  the  decrease  of  n  which  is  known  to  occur  when  an 
absorption  band  is  approached  from  the  S'-jort-wavo  side.   Indeed 
the  glass  curves  for  angles  greater  than  7C°  might  be  mistaKen 
for  the  dispersion  curve  of  a  substance  possessing  one  absorption 
band.   It  may  be  that  for  these  angles  the  reflecting  power  is  a 
linear  function  of  the  refractive  index.   Yet  this  is  certainly 
not  true  for  angles  less  than  70**. 

Summary. 


I.  A  study  of   the   reflecting  power  of  matt   surfaces   has 

been  made   at  various  angles  of  incidence,    for  the  purpose  of   find- 
ing a  suitable  infra-red  screen. 
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2.         Roughened  crystals  of  rock  salt  ^yore   found   to    transmit 
the   light  in  almost  an  ideal  way,    eliminnting  practically  all 
waves  shorter  than  Iji    ,    and  letting  through  waves  longer  than 
3\i  with  tut  little  decrease  in  intensity.      The  reflection  screens 
are  preferable   to   the   transmission  screens  because  they  give 

curves   just  as  steop  as  those  obtained  by  transmission,    and  in 

0*1/ 
addition  are  good   for  unlimited  range  of  wave-lengths  in  the 

A 

infra-red. 

3^,       Increasing  the  angle  of  incidence  was  observed  to 
effect  a  profound  and  curious   change  in  the   reflection  curves 
for   polished   glass,    quartz,    and   Iceland  spar,   which  may  best  be 
described  as  a  quasi-   resolution  of  the  bands  of  metallic  reflect- 
ion. 

^.       A  description  is  given  of  an  infra-red  spectrometer  w'nich 
is   believed   to  possess  better  definition  end  greater  resolving  power 
than  is  usually   furnished  by  instruments   of  similar  type. 

In   conclusion,    the  writer  winhes  to   thank  all   those  who 
have   aided  him  in   this   investigation.      He   is  under  obligations   to 
Professor  J.   S.    Ames,    for   rdvice   and   criticism,    and   to   Dr.    J.   A. 
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Andereon,    for  the   lorui  of   gratings   and  mirrors.      The  mechenical 
excpllence  of   the   spectrometer   ic   due   to   the  skill  of  Mr.   C.   h\. 
Childs^one  of  the   mechenicifms   in   this   laboratory.      To   Dr.   A. 
H.   Pfund,  who  suggested   and  directed   the  work,    the  writer  is  more 
than  grateful  for  his  ingenious   suggestions,    inspiring  criticism, 
and  willingness   to   aid  at  all   times. 
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